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AB Hereditary neuropathies are classified into several subtypes according to 
clin., electrophysiol . and pathol. findings. Recent genetic studies have 
revealed their phenotypic and genetic diversities. In the primary 
peripheral demyelinating neuropathies (CMTl) , at least 9 genes have been 
assocd. with the disorders; altered dosage of peripheral myelin 
protein 22 (PMP22) or point mutation of PMP22, the gap junction 
protein 1 (GJBl) , the myelin protein zero gene (MPZ) , the early 
growth response gene 2 (EGR2) , the myotubularin- related protein 2 gene 
(MTMR2), the N-myc downstream-regulated gene 1 (NDRGl) , the L- 
periaxin gene (PRX) , SRY-related HMG-BOX gene 10 (SOXIO) and the 
ganglioside-induced dif f erentiation-assocd. protein 1 gene (GDAPl) . In 
the primary, peripheral axonal neuropathies (CMT2), at least 8 genes have 
been assocd. with these disorders; the neurofilament light chain gene 
(NEFL) , the kinesin IB gene (KIFIB) , the gigaxonin gene (GANl) , Lamin A/C 
(LMNA) and tyrosyl-DNA phosphodiesterase 1 (TDPl) . In addn., some 
mutations in GJBl, MPZ and GDAPl also present with clin. and 
electrophysiol . findings of CMT2 . Mutation of NEFL or KIFIB 
cause dominantly inherited axonal neuropathies, whereas mutation 
of GJBl or MPZ can present as genocopies of dominant axonal neuropathies . 
In addn., to the above diseases, we have reported a new type of NMSNP (MIM 
# *604484) characterized by proximal dominant neurogenic atrophy, obvious 
sensory nerve involvement and the locus on 3ql3 . Here, we summarize the 
genetic bases of hereditary neuropathies and attempt to highlight 
significant genotype -phenotype correlations. 
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AB A review. Hereditary neuropathies are classified into several subtypes 

according to clin., electrophysiol. and pathol. findings. Recent genetic 
studies have revealed their phenotypic and genetic diversities. In the 
primary peripheral demyelinating neuropathies (CMTl) , at least 9 genes 
have been assocd. with the disorders; altered dosage of peripheral 
myelin protein 22 (PMP22) or point mutation of PMP22, 
the gap junction protein 1 (GJBl) , the myelin protein zero gene 
(MPZ), the early growth response gene 2 (EGR2) , the myotubularin- related 
protein 2 gene (MTMR2) , the N-myc downstream- regulated gene 1 (NDRGl) , the 
L-periaxin gene (PRX), SRY-related HMG-BOX gene 10 (SOXIO) and 



the ganglioside- induced dif f erentiation-assocd . protein 1 gene (GDAPl) . 
In the primary peripheral axonal neuropathies {CMT2) , at least 8 genes 
have been assocd. with these disorders; the neurofilament light chain gene 
(NEFL) , the kinesin IB gene (KIFIB) ; the gigaxonin gene (GANl) , Lamin A/G 
(LMNA) and tyrosyl-DNA phosphodiesterase 1 (TDPl) . In addn. , some 
mtttations in GJBl, MPZ and GDAPl also present with clin. and 
electrophysiol . findings of CMT2 . Mutation of NEFL or KIFIB 
cause dominantly inherited axonal neuropathies, whereas mutation 
of GJBl or MPZ can present as genocopies of dominant axonal neuropathies. 
In addn. to the above diseases, we have reported a new type of HMSNP (MIM 
#*604484) characterized by proximal dominant neurogenic atrophy, obvious 
sensory nerve involvement and the gene locus on 3ql3. Here, we summarize 
the genetic bases of hereditary neuropathies and attempt to highlight 
significant genotype -phenotype correlations. 
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AB The present invention is based on the discovery that mutational 
defects in the periaxin (PRX) gene and/or protein are assocd. 
with myelinopathies, including" Charcot -Marie -Tooth syndrome 
and/or -De jerine-Sottas syndrome. Unrelated individuals having a 
myelinopathy from Dejerine- Sottas syndrome have recessive PRX 
mutations. The PRX locus maps to a region assocd. with a severe 
autosomal recessive demyelinating neuropathy and is also syntenic to the 
Prx location on murine chromosome 7. Numerous specific mutations 
in the gene and protein are provided. These defects provide applications 
for diagnostic tests (e.g. by PCR, sequencing, hybridization, DHPLC) , 
screening for therapeutic agents, and gene therapy. 
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AB Previous studies have demonstrated that apparent loss -of -function 
mutations in the periaxin gene cause autosomal recessive 
Dejerine-Sottas neuropathy or severe demyelinating Charcot -Marie -Tooth 
disease. In this report, we extend the associated phenotypes with the 
identification of two additional families with novel 
periaxin gene mutations (C715X and R82fsX96) and provide 

detailed neuropathology. Each patient had marked sensory involvement; two 
siblings with a homozygous C715X mutation had much worse sensory 
impairment than motor impairment. Despite early disease onset, these 
siblings with the C715X mutation had relatively slow disease 
progression and adult motor impairment typical of classic demyelinating 
Charcot -Marie -Tooth neuropathy. In contrast, a patient with the 
homozygous R82fsX96 mutation had a disease course consistent 
with Dejerine-Sottas neuropathy. The neuropathology of patients in both 
families was remarkable for demyelination, onion bulb and occasional 
tomacula formation with focal myelin thickening, abnormalities 
of the paranodal myelin loops, and focal absence of paranodal 
septate-like junctions between the terminal loops and axon. Our study 
indicates a prominent sensory neuropathy resulting from periaxin 
gene mutations and suggests a role for the carboxyl terminal 
domain of the periaxin protein. 
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TI Antibodies to L-periaxin in sera of patients with peripheral 

neuropathy produce experimental sensory nerve conduction deficits. 
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AB L-Periaxin is a PDZ-domain protein localized to the plasma 

membrane of myelinating Schwann cells and plays a key role in 
the stabilization of mature myelin in peripheral nerves. 
Mutations in L-periaxin have recently been described in 
some patients with demyelinating peripheral neuropathy, suggesting that 
disruption of L-periaxin function may result in nerve injury. 
In this study, we report the presence of autoantibodies to L- 
periaxin in sera from two of 12 patients with diabetes mellitus 
(type 2) -associated neuropathy and three of 17 patients with IgG 
monoclonal gammopathy of undetermined significance (MGUS) neuropathy, an 
autoimmune peripheral nerve disorder. By comparison, anti-L- 
periaxin antibodies were not present in sera from nine patients 
with IgM MGUS neuropathy or in sera from 10 healthy control subjects. The 
effect of anti-L-periaxin serum antibody on peripheral nerve 
function was tested in vivo by intraneural injection. Sera containing 
ant i -L-periaxin antibody, but not sera from age -matched control 
subjects, injected into the endoneurium of rat sciatic nerve significantly 
(p < 0.005, n = 3) attenuated sensory- evoked compound muscle action 



potential (CMAP) amplitudes in the absence of temporal dispersion. In 

contrast, motor-evoked CMAP amplitudes and latencies were not affected by 

intraneural injection of sera containing anti-L-periaxin 

antibody. Light and electron microscopy of anti-L-periaxin 

serum- injected nerves showed morphologic evidence of demyelination and 

axon enlargement. Depleting sera of anti-L-periaxin antibodies 

neutralized the serum-mediated effects on nerve function and nerve 

morphology. Together, these data support anti-L-periaxin 

antibody as the pathologic agent in these serum samples. We suggest that 

anti-L-perieucin antibodies, when present in sera of patients 

with IgG MGUS- or diabetes-associated peripheral neuropathy, may elicit 

sensory nerve conduction deficits. 
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AB Mutations in the Periaxin (PRX) gene are known to 

cause autosomal recessive demyelinating Charcot-Marie-Tooth (CMT4F) and 
Dejerine-Sottas disease. The pathogenesis of these diseases is not fully 
understood. However, progress is being made by studying both the 
periaxin-null mouse, a mouse- model of the disease, and the 
protein-pirotein interactions of periaxin. L-periaxin 

is a constituent of the dystroglycan-dystrophin-related protein-2 complex 

linking the Schwann cell cytoskeleton to the extracellular matrix. 

Although periaxin-null mice myelinate normally, they 

develop a demyelinating peripheral neuropathy later in life. This 

suggests that periaxin is required for the stable maintenance of 

a normal myelin sheath. We carried out sciatic nerve crushes in 

6-week-old periaxin-null mice, and, 6 weeks later, • found that 

although the number of myelinated axons had returned to normal, 

the axon diameters remained smaller than in the contralateral uncrushed 

nerve. Not only do periaxin-null mice have more hyper- 

nyelinated axons than their wild-type counterparts but they also 

recapitulate this hype rmyelinat ion during regeneration. Therefore, 

periaxin-null mice can undergo peripheral nerve remyelination, but 

the regulation of peripheral myelin thickness is disrupted. 
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AB INTRODUCTION. The classifications of peripheral neuropathies are 
continually being revised in the light of advances in genetic and 
biochemical investigation. OBJECTIVE. We establish a classification 
based on the pathology found in different anatomical structures of nerves : 
the Schwann cell, myelin, axon and the different geiies involved 
in causing neuropathies. Diagnosis is based on data from the clinical 
history, physical examination and electromyography and their correlation 
with the type of inheritance in relation to the different genes localized 
to (a) the Schwann cell: periaxin gene (PRX) encoding L and S 
periaxin. Stabilisation of the myelin acting as a 

signal tranducer. NDRGl down stream regulated gene 1 and 2 acting as 

transcription factors in embryogenesis . EGR2/Krox 20 has an important 

function in myelinization. (b) Myelin: PC membrane 

protein zero (MPZ) stabilizes the myelin. PI myelin 

basic protein (MBP) , is analogous to the myelin protein of the 

central nervous system (CNS) P2 found in the cytoplasm. PMP22 (peripheral 

myelin protein) also stabilizes the protein. MAG (myelin 

associated glycoprotein) has antigenic properties, (c) . Axon. A 

foundational mutation (892C Y) in the gene of the lamina (LMNA) 

of the light neurofilaments (NF L) . Mutations in the KIFlBb 

gene which encodes the protein kinesin. We also make an aetiological 

analysis of some classical syndromes, especially the D jerine Sottas 

syndrome. CONCLUSION. The systematization used, based on clinical and 

electrophysiological data in relation to the different genes involved in 

the various anatomical structures constitutes a logical, diagnostic 

approach which is very useful. 
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AB ■ Charcot -Marie -Tooth disease (CMT) is a genetically heterogeneous disorder 
that has been associated with alterations of several proteins: peripheral 
myelin protein 22, myelin protein zero, connexin 32, 
early growth response factor 2, periaxin, myotubularin related 
protein 2, N-myc downstream regulated gene 1 product, neurofilament light 
chain, and kinesin IB. To determine the frequency of mutations 
in these genes among patients with CMT or a related peripheral neuropathy. 



we identified 153 unrelated patients who enrolled prior to the 
availability of clinical testing, 79 had a 17pl2 duplication (CMTIA 
duplication) , 11 a connexin 32 mutation, 5 a myelin 
protein zero mutation, 5 a peripheral myelin protein 
22 mutation, 1 an early growth response factor 2 
mutation, 1 a periaxin mutation, 0 a 

myotubularin related protein 2 mutation, 1 a neurofilament light 
chain mutation, and 50 had no identifiable mutation; 

the N-myc downstream regulated gene 1 and the kinesin IB gene were hot 

screened for mutations. In the process of screening the above 

cohort of patients as well as other patients for CMT-causative 

mutations, we identified several previously unreported mutant 

alleles: two for connexin 32, three for myelin protein zero, and 

two for peripheral myelin protein 22. The peripheral 

myelin protein 22 mutation W28R was associated with CMTl 

and profound deafness. One patient with a CMT2 clinical phehotype had 

three myelin protein zero mutations (I89N+V92M+I162M) . 

Because one -third of the mutations we report arose de novo and 

thereby caused chronic sporadic neuropathy, we conclude that molecular 

diagnosis is a necessary adjunct for clinical diagnosis and management of 

inherited and sporadic neuropathy. 
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AB Neuropathology plays a crucial role in the phenotypic individualization of 
hereditary disorders affecting the central and peripheral nervous system 
even if molecular genetics represents the most essential step in 
describing the genotypes. The neuropathological description of phenotypes 
and genotypes can be used for refining clinical skills and understanding 
many clinical, neurophysiological and neuroradiological features. It 
contributes to the diagnosis of such disorders. The use of 
immunohistochemical techniques in combination with molecular genetics 
improves also our knowledge of their pathogenesis and might participate to 
the future development of therapeutic strategies. We discuss new features 
of spino-cerebellar ataxia (SCA) type 7 and of a recently identified SCA17 
in order to illustrate the significance of the neuronal intranuclear 
inclusions (Nils) described in various CAG/polyglutamine repeat expansion 
diseases. In the field of the peripheral neuropathies we present data on 
a newly described autosomal recessive Charcot -Marie -Tooth disease (CMT4F) 
with nutations in the periaxin gene. We document a 
dysjunction between myelin loops and axolemma with disappearance 
of the septate-like junctions or transverse bands. The significance of 
this dysjunction is not yet elucidated. We hope to show by these examples 
that the combination of classical and new neuropathological methods is 
useful in the study of hereditary disorders of the nervous system. 
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AB The structure of myelinated axons was well described 100 years 

ago by Ramon y Cajal, and now their molecular organization is being 
revealed. The basal lamina of myelinating Schwann cells 
contains laminin-2, and their abaxonal/outer membrane contains two 
laminin-2 receptors, alpha6beta4 integrin and dystroglycan. Dystroglycan 
binds utrophin, a short dystrophin isoform (Dpi 16) , and 
dystroglycan-related protein 2 (DRP2) , all of which are part of a 
macromolecular complex. Utrophin is linked to the actin cytoskeletpn, and 
DRP2 binds to periaxin, a PDZ domain protein associated with the 
cell membrane. Non-compact myelin- -found at incisures and 
paranodes-- contains adherens junctions, tight junctions, and gap 
junctions. Nodal microvilli contain F-actin, ERM proteins, and cell 
adhesion molecules that may govern the clustering of voltage -gated Na+ 
channels in the nodal axolemma. Na{v)1.6 is the predominant voltage-gated 
Na+ channel in mature nerves, and is linked to the spectrin cytoskeleton 
by ankyrinG. The paranodal glial loops contain neurofascin 155, which 
likely interacts with heterodimers composed of contactin and 
Caspr/paranodin to form septate-like junctions. The juxtaparanodal axonal 
membrane contains the potassium channels Kvl.l and Kvl.2, their associated 
beta2 subunit, as well as Caspr2 . Kvl.l, Kvl.2, and Caspr2 all have PDZ 
binding sites and likely interact with the same PDZ binding protein. Like 
Caspr, Caspr2 has a band 4.1 binding domain, and both Caspr and Caspr2 
probably bind to the band 4.1 B isoform that is specifically found 
associated with the paranodal and juxtaparanodal axolemma. When the 
paranode is disrupted by mutations (in cgt-, contactin-, and 
Caspr-null mice) , the localization of these paranodal and juxtaparanodal 
proteins is altered: Kvl.l, Kvl.2, and Caspr2 are juxtaposed to the nodal 
axolemma, and this reorganization is associated with altered conduction of 
myelinated fibers. Understanding how axon-Schwann interactions 
create the molecular architecture of myelinated axons is 
fundamental and almost certainly involved in the pathogenesis of 
peripheral neuropathies . 
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AB Charcot -Marie -Tooth (CMT) disease is a heterogeneous group of inherited 

peripheral motor and sensory neuropathies characterized by chronic distal 
weakness with progressive muscular atrophy and sensory loss in the distal 
extremities. Inheritance can be autosomal dominant, X-linked or autosomal 
recessive (ARCMT) . Recently, a locus responsible for a demyelinating form 
of ARCMT disease, named CMT4F, has been mapped on 19ql3 in a large 
consanguineous Lebanese family. L- and S-periaxin are proteins 
of myelinating Schwann cells and homozygous periaxin 
-null mice display extensive demyelination of myelinated fibers 
in the peripheral nervous system, which suggests that the periaxin 
gene is a good candidate gene for an ARCMT disease. The human gene 
encoding the periaxins (PRX) was mapped to 19ql3, in the CMT4F candidate 
interval. After characterizing the human PRX gene, we identified a 
nonsense R196X miitation in the Lebanese family which 

cosegregated with CMT. Histopathological and immunohistochemical analysis 
of a sural nerve biopsy of one patient revealed common features with the 
mouse mutant and the absence of L-periaxin from the 
myelin sheath. These data confirm the importance of the 
periaxin proteins to normal Schwann cell function and substantiate 
the utility of the periaxin-null mouse as a model of ARCMT 
disease. 
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AB The identification of EGR2 mutations in patients with 

neuropathies and the phenotype Egr2/Krox2 0-/- have demonstrated that the 

Egr2 transcription factor is crit. for peripheral nerve 

myelination. However, the mechanism by which these 

mutations cause disease remains unclear, as most patients present 

with disease in the heterozygous state, whereas Egr2+/- mice are 

pheno typically normal. To understand the effect of aberrant Egr2 activity 

on Schwann cell gene expression, we performed microarray expression 

profiling to identify genes regulated by Egr2 in Schwann cells. These 

include genes encoding myelin proteins and enzymes required for 

synthesis of normal myelin lipids. Using these newly identified 

targets, we have shown that neuropathy-assocd. EGR2 mutants dominant -neg. 

inhibit wild-type Egr2 -mediated expression of essential myelin 

genes to levels sufficiently low to result in the abnormal 

myelination obsd. in these patients. 
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AB The periaxin gene (PRX) encodes two PDZ-domain proteins, L- and 
S -periaxin, that are required for maintenance of peripheral 
nerve myelin. Prx(-/-) mice develop a severe demyelinating 
peripheral neuropathy, despite apparently normal initial formation of 
myelin sheaths. We hypothesized that mutations in PRX 
could cause human peripheral myelinopathies. In accordance with 
this, we identified three unrelated Dej erine-Sottas neuropathy patients 
with recessive PRX mutations -two with compound heterozygous 
- nonsense and frameshift mutations, and one with a homozygous 
frameshift mutation. We mapped PRX to 19ql3 . 13-13 . 2 , a region 
recently associated with a severe autosomal recessive demyelinating 
neuropathy in a Lebanese family (Delague et al. 2000) and syntenic to the 
location of Prx on murine chromosome 7 (Gillespie et al. 1997). 



